ABSTRACT
INTRODUCTION AND BACKGROUND
Design for quality (DfQ) is an important topic in the field of quality engineering and new product development (NPD). It is part of the larger Design for X approach and constitutes an interdisciplinary connection between quality engineering and design engineering. The Technical University of Cluj-Napoca has successfully ran for the past 6 years a Bologna master program in the field of Quality engineering and management, having Design for quality (as part of the process of new product development) as a main competence targeted to be imparted to the master students. As the master program's faculty is always searching for ways to enhance the learning experience and the learning outcomes of the students, we present the following work, which deals mostly with a comparative educational experiment achieved in the last academic year, but which also incorporates insights from previous years in delivering the specific knowledge and skills required to fully grasp this topic.
The core of this experiment is focused upon trying to transmit the same competence in Design for quality to two student groups, by using different (but equivalent) content and different support tools (namely computer aided quality in one case and classical quality techniques in the other) and analyzing the results through an objective set of criteria to determine the characteristics of both methods and to establish their suitability.
A literature survey shows an important connection between the Design for Quality (Design for Six Sigma) concept and the new product development concept. Some interesting results reported refer to actual best practices in teaching this approach to university students in an integrative manner that combines industrial design, engineering and marketing (Vogel, Cagan & Mather, 1997) or to employed and experienced adults (Rosenau, 2002) . The case under study in this paper deals with both of this issues: one group is formed out of mostly inexperienced students and the other contains a significant proportion of working professionals, and both methods used merge economic competences with technical and artistic ones.
It is a common sense feature for this topic and it is also present in literature, both for lectures and for practical work, to target high student involvement and teamwork (Pun, Yam & Sun, 2003) , as well as interdisciplinary teams and project practical work (Okudan & Zappe, 2006) . The use of simulation software (Munteanu, Popescu & Neamțu, 2009) , simulation games (Baalsrud Hauge & Riedel, 2012) and other ICT support elements (Brad, 2014) is becoming widespread and it is difficult to imagine today's engineers working with only pen, paper and slide rules. This, however, does not mean that in the educational environment, before skills are mastered and automated for the job market, classical teaching ways are no longer needed. Much like in the case of blended learning, which seems to supersede pure e-learning as knowledge delivery mechanism, the starting premise of our undertaking is that both computer aided and classical methods can be useful in yielding a well-rounded engineer with a deep understanding of new product development within quality engineering. It is the teachers' responsibility, and even talent to vary this mix according to the students' characteristics and the environmental constraints in order to obtain the best results.
COMPARATIVE STUDY

Study characteristics
As it as mentioned before, our study has been carried out in parallel, on two student groups of similar size. In the table below (Table 1) , we present the main characteristics of the two groups and methods used, which have been considered defining for the targeted objective of the paper (to assess the type and level of competences transmitted through the two applicable options): The activities themselves included a number of 3 meetings for lecture and 3 for practical work, in a modular format, complemented by approx. 6 weeks for individual study, to finish the projects within the student teams. Evaluation was based predominantly on project results (75%), complemented by scores on a theoretical knowledge test (15%) and attendance (10%). The project mark itself was composed of scores attributed to the following criteria: 30% for the correct application of solutions, 30% for the scope and detail of the work performed, 15% for the presentation, 15% for the answers to questions.
It should be noted that the make-up of the two groups is slightly different: group 1 is formed mostly from young people, entry level professions, recently graduated from bachelor studies, while group 2 is formed in equal parts from entry-level, mid-level and season professionals, with significant work experience, although not in the field of Design or Design for quality. Another variable in the study can be considered the fact that the two instructor teams (both for lecture and for practical work) were different. However, they were acting under the same principles and with similar teaching methods, so the influence of this factor can be neglected. The slight difference in the project team members number is due to the fact that group two has to perform more intensive manual calculations.
Main project steps
Both student groups have been instructed to use the same, rather classic, requirements engineering and design process (a simplified version of the Design for Six Sigma approach). The main steps are described below (Table 2) : Determine technical characteristics that are "critical to quality"
Perform detailed technical design of the product and its components 7
Deploy customer requirements through the product decomposition levels (Clausing model)
Ensure that the specifications respond to the requirements of the customer 8
Product design based on importance levels of characteristics, functions and components 3D modelling and component selection to substantiate the detailed design
We should note that this structure is used as a medium level task at graduate level, generally for mixed background groups (e.g. mix of engineers, economists, social science graduates in the master group), but it can be either simplified for lower instructional levels or enhanced for homogenous groups with greater expertise levels.
The results obtained by the two student groups are:  an average grade of 9.00 with a standard deviation of 0.632 for group 1 -technically enhanced group, and  an average grade 9.35 of with a standard deviation of 0.813 for group 2 -classic group.
However, it should be noted that these numerical values are only for informative purposes, as the low sample size does not allow for a full and correct statistical analysis.
DISCUSSION
In order to properly carry out a comparative analysis, a group of 7 criteria is defined, taking into consideration the grading criteria presented above and criteria coming from the curriculum design process and from the received employers' feedback for previous graduates of the same program. These criteria are ranked here using the Analytical Hierarchy Process within the Qualica Planning Suite 2012 software (trial version). Pairwise comparison and manual calculation would have had the same effect, so this is not to show a preference within the study itself, but to ease the calculation and presentation of elements needed for the analysis. The results of the ranking performed with the help of a small focus group (which help in defining them also), consisting of 1 student, 1 professor and 1 company representative can be seen in Figure 1 below:
Figure 1: AHP ranking of analysis criteria
Based on these results, the two most important competences are related to the correct use of DfQ in terms of approach (40%) and methods (22%), no matter what the chosen transmission vehicle is. Also, "real-world" application is not possible without the proper tools (project management -10%) and the proper attitude (accountability and initiative -11%). The third groups of results includes the technical criteria, whose attainment is necessary to ensure success within the study program and beyond (meticulosity, resources, transferability).
One important thing to underline here is the existence of a Pareto-type distribution, with the first category of criteria cumulating a very high importance rating and being asked for by both the academic and the industrial environment. Of course, no method of teaching that does not meet these two criteria cannot be considered valid and useful in training future quality engineers or product development engineers. This distribution can be better seen in the figure below (Figure 2 ):
Figure 2: Pareto distribution of criteria importance scores
Based on this criteria scale, another method is employed to compare the two project applications discussed above. Although, it is usually used for concept selection, Pugh's method/matrix has here the role of providing the layout for analysis (see Figure 3 ). As such, we can note that both approaches have been scored by the focus group rather high with the help of the Qualica Planning Suite 2012 software (trial version), with positive marks (effects) associated with all criteria.
Figure 3: Comparative analysis based on Pugh's method
At first glance, we could say that the two options considered are rather similar in providing the expected overall results (9.0 score vs. 9.4 score), and this is a very important finding because it means both can be used interchangeably to achieve the desired competence when teaching DfQ. However, in order to learn more we must consider for analysis the matching and direct relationship among the groups' characteristics and the structure and intent of the approach used for each of them.
When going into the details of the study, we must underline and analyze the rationales behind the choices made along in the way, both in terms of possible options and implementation issues: -both methods produce very good results in terms of learned principles and approach pertaining to DfQ, as demonstrated by the high scores obtained by both student teams; -the computer aided variant has been given preference regarding the use of NPD instruments because it uses software dedicated for this purpose that includes templates, help and automated features that prevent mistakes; -both methods have been scored as good for the criteria "attention to details and meticulosity", as in the first case students tend to rely too much on the automated calculations and in the second case they can make calculation mistakes; -the file structure and graphic interface of the support software can help in steering the project and communicating its results, so method one gets a higher score on this criterion; -the students accountability and the resources need for teaching have been considered better for the second method, because the trainees feel more invested in manually carried out tasks and because the second methods only requires pen and paper, with no software investment; -the last criterion, transferability of results, was considered better for the assisted method due to the features of the software packages (e.g. exporting files, graphic display, etc.).
Also, as mentioned previously, this study has some limitations concerning the noise factors that have been encountered and minimized during its duration, but which cannot be completely eliminated. The two student groups involved differ in composition of the members with respect to their background and work experience, a situation which is common for master programs, but not so much for the bachelor ones. However, the impact of this factor is attenuated by the fact that a modern approach to DfQ, as is used in this course, is new in the same way for both groups. Also, the advantage that Group 2 has in terms of conceptual design is balanced by the digital competences of Group1 when dealing with tasks such as finding correct and updated information, communicating with representatives of the target market, creating professional looking documents and presentations, etc.
In terms of the differences in the composition of the teaching teams, this has been managed by using the same syllabus (targeting the same competences and allocating the same amount of time for training), by having a similar scientific background of the persons involved and by frequent communication and information exchange among the teams in order to dynamically adjust their styles and requirements towards the students. Also, except for the specific subject studied (i.e. the methods used), the teaching materials have been similar in content and scope and based on the same general principles.
Some other influence factors, such as scheduling differences and presentation aesthetics considering printed / projected material versus the documents drafted with a simple pen, have been largely considered not to influence the research in a significant way.
CONCLUSIONS
In terms of effectiveness, the overall assessments are very close, and give a slight preference to the computer aided method. It possibly even better to evaluate the results in the context of efficiency, as the first method requires some investment, which is not the case with the second one, so it would be a good idea to choose the first method if funding is possible, and the second one if it is not. This conclusion applies to an educational environment. Of course, in a competitive setting, such as in a company, the computer aided method would be given even more clear preference due to speed and accuracy of results and because of the fact the it would be applied by professionals and not by students during training. However, from the point of view of the output (project in class) and outcome (competence on the job), both scenarios can be considered validated and both methods can be considered useful, with strengths and weaknesses, as signaled above. In this way, it is up to the instructors to make a choice for each specific situation, or to find a proper way of blending them in order to achieve the mission of their of course.
It is perhaps easy to adopt the attitude "to each their own", but in this case we consider it to be true and we would like stress the importance of matching training methods (in this case the tools of the trade and their implementing support -classic or software) to the competence needs of the group that are identified by answering both the question "what do the students know already and feel comfortable with?" and the question "what will serve them better through graduation and, especially, afterwards?". Most teachers would agree that learning and mastering new digital skills in one semester is quite difficult, so we consider it wiser to not focus on this aspect when the students have less computer related experience, but to help them discover and use correctly the principles and devices of DfQ by using the classical route.
